Abstract. In the United States, swine salmonellosis is most often attributed to infections by Salmonella serovar choleraesuis. As a host-adapted pathogen rarely found in nonswine sources, S. choleraesuis is thought to be spread primarily via horizontal transmission, with carrier animals playing an important role. Little has been reported regarding infection of neonatal piglets, particularly regarding their potential to become carriers. Evidence reported herein demonstrates that piglets experimentally infected by S. choleraesuis at 2 days of age were capable of shedding the pathogen for up to 85 days postinfection, at which time the study was concluded. This study also presents findings supporting the use of GN-Hajna as a preenrichment medium for the isolation of S. choleraesuis. Salmonella choleraesuis infections account for more than 90% of the US cases of swine salmonellosis. 12 Salmonellosis caused by S. choleraesuis typically occurs as a postweaning septicemia or enterocolitis and often occurs in operations that commingle pigs of different ages. 12 Spread of this host-adapted serotype throughout modern pig production systems is thought to occur primarily via horizontal transmission, which suggests an important role for asymptomatic carriers. [5] [6] [7] 12 Salmonella choleraesuis can recur in pigs previously infected, thus further implicating an important role for latent carriers. 12 The development of a S. choleraesuis carrier state has been investigated experimentally with weaned piglets, [5] [6] [7] but little is known regarding infection of neonatal piglets and their potential to shed the pathogen. Even though neonatal piglets can be infected, they rarely exhibit clinical salmonellosis. 12 The primary objective of this study was to experimentally infect suckling piglets with S. choleraesuis and Shedding was determined by qualitative culture of rectal swabs via initial culture in tetrathionate or GN-Hajna broth and further cultivation in Rappaport-Vassiladias (RV) broth. Selective differentiation of these enriched samples was accomplished using brilliant green agar containing 25 g novobiocin/ml (BGA NO ; to allow for recovery of wild-type salmonellae) and BGA containing both 25 g novobiocin/ml and 20 g naladixic acid/ml (BGA NO/NA ; for optimal recovery of the NO-and NA-resistant challenge strain). Wild-type salmonellae were not recovered. then to examine their daily shedding pattern, as determined by culture of rectal swabs and pattern of tissue colonization well beyond the initial infection period. Because a wild-type salmonellae was isolated from the maternal dam 1 week prior to farrowing, swabs collected from piglets during the first 23 days of life were cultured using 2 qualitative culture schemes, each favoring recovery of either the inoculated S. choleraesuis or other potential wild-type Salmonella strains. Tissue and gut specimens that were collected from the pigs 85 days postinoculation were also cultured via both schemes to account for possible latent salmonellae infections.
Piglets (n ϭ 12; numbers 1-12) were infected at 2 days of age via oral gavage as previously described 1 with 1.1 ϫ 10 7 colony-forming units (CFU) of a novobiocin (NO)-and nalidixic acid (NA)-resistant strain of S. choleraesuis var. kunzendorf 3246pp. The piglets were farrowed in a 1.5-ϫ 2.1-m farrowing crate, a weaned at 14 days of age (12 days postchallenge), and subsequently reared in an indoor concrete-floor pen (approximately 6 m 2 ). Piglets were phase fed typical starter and grower rations and all diets were formulated to meet or exceed nutritional requirements. 9 Two swabs collected daily from each piglet during the first 23-day period (to 21 days postchallenge) were initially cultured in 5 ml of either GN-Hajna b or tetrathionate broth, b and then 100 l of each sample was further enriched with Rappaport-Vassiladias (RV) broth. b Selective differentiation of these enriched samples was accomplished using brilliant green agar c (BGA) containing 25 g NO/ml (BGA NO ; to allow for recovery of wild-type salmonellae) and BGA containing both 25 g NO/ml and 20 g NA/ml (BGA NO/NA ; for optimal recovery of the NO-and NA-resistant challenge strain). All pigs were euthanized 85 days postchallenge via injection with sodium pentabarbitol, and specimens (1-2 g) from tonsils, lung, spleen, ileocolic lymph nodes, and cecal and colon contents were collected and cultured in the same manner, except the initial culture step was accomplished in 20 ml GN-Hajna or tetrathionate broth. Because no other Salmonella serotypes were recovered from any of the cultured swabs collected during the piglets' first 23 days of life, all swabs collected thereafter (days 22-85 postchallenge) were cultured via the GN-Hajna scheme only, and selective differentiation of these cultures was accomplished using BGA NO/NA . All incubation steps were carried out at 37 C for 24 hours. Plates were examined for colonies exhibiting typical Salmonella morphology, and suspect colonies were confirmed via serum agglutination using Salmonella Antiserum Poly A I-IV b and Group C 1 , Factors 5 and 6. b Representative colonies picked at random were also sent to National Veterinary Services Laboratory (Ames, IA) for serotyping and, except for the strain isolated from the maternal dam (identified as Salmonella serovar anatum), all were confirmed as S. choleraesuis var. kunzendorf.
Qualitative cultivation of rectal swabs via the GN-Hajna scheme tended to support higher recoveries (P Ͻ 0.10; logistic regression analysis 11 ) of the double-antibiotic-resistant S. choleraesuis strain than did cultivation via the tetrathionate broth scheme (Fig. 1) . Traditionally, bacteriologic cultivation of samples has involved a preenrichment in buffered peptone water, particularly for samples suspected of harboring low numbers of salmonellae, before subsequent enrich-ment in a selective medium such as tetrathionate broth or RV broth. Many researchers, however, have since dispensed with this initial step, 3,4,10,14-16 opting instead for direct enrichment in tetrathionate broth. Tetrahionate broth is, however, considered too harsh for optimal recovery of S. choleraesuis. 2, 13 Consequently, preenrichment in GN-Hajna has been used for samples suspected of containing S. choleraesuis, 1,5-7 but until now ( Fig. 1) , direct evidence regarding the comparative efficiencies of the 2 methodologies was lacking.
Because recovery of S. choleraesuis was greatest with the GN-Hajna scheme, it is considered here to be the best method to assess shedding. Consistent with earlier reports regarding infection of weaned pigs, [5] [6] [7] the pigs in the present study shed S. choleraesuis most frequently during the first few weeks post infection, with daily incidences (percentage culture positive) during the first 21 days postchallenge ranging from 58% to 100% and a mean (ϮSD) daily incidence of 80% Ϯ 12% (Fig. 2) . The daily incidence of shedding declined thereafter, ranging from 0% to 58% (x Ϯ SD ϭ 16% Ϯ 13%) from days 21 to 52 postchallenge, at which time pigs 7-12 were moved and reared in a separate pen of equal size (Fig. 2) . Other researchers had reported increased shedding of salmonellae by pigs following transport, 8, 11 but in this study commingling of selected pigs at 68 days of age or hauling of 6 of the pigs for 10 hours the day prior to euthanasia at 85 days postchallenge had little effect on incidence of fecal shedding (Fig. 2) .
At 85 days postchallenge, all pigs were euthanized, and the tissue and gut specimens were collected and cultured for wild-type salmonellae and for the challenge strain of S. choleraesuis. The challenge strain of S. choleraesuis was recovered from cecal contents of 2 pigs, from spleen and tonsil specimens of 1 and 7 pigs, respectively, but not from colonic contents, lung, or ileocolic lymph node specimens of any of Shedding was determined by qualitative culture of rectal swabs via initial culture in GN-Hajna broth, further cultivation in Rappaport-Vassiladias (RV) broth and selective differentiation of these enriched samples using brilliant green agar containing 25 g novobiocin/ml (BGA NO ) or containing both 25 g novobiocin/ml and 20 g naladixic acid/ml (BGA NO/NA ). Sixty-six days postchallenge, pigs 2 and 3 were moved from the first to the second pen and pig 7 and 11 were moved from the second to the first pen so as to introduce a potential social stress. Eighty-four days postchallenge, all pigs in 1 of the pens (pigs 1, 4-7, 11) were loaded into a livestock trailer and subjected to potential transportation stress via a 10-hour round trip transit. The day of transit was sunny and warm, with temperatures of 16-34 C. the pigs (Table 1) . Wild-type salmonellae were not recovered from any of these specimens. Salmonella choleraesuis was not recovered from ileocolic lymph tissue, which is surprising because culture of these specimens is thought to typically yield the best chance of recovering Salmonella from infected pigs. 1, [5] [6] [7] Of the Salmonella-positive specimens, all but 2 were obtained from the 6 nontransported pigs (Table 1) , which is again contrary to expectation. The relatively short posttransit sampling interval in this study (Ͻ24 hours) may have been insufficient to allow for proliferation of salmonellae in response to the suspected transportation stress. In support of this hypothesis, others 8 have reported an increased colonic incidence of salmonellae in swine held in a slaughter facility's holding pens for 2-3 days before slaughter as compared with swine slaughtered immediately upon arrival (35% vs. 10% salmonellae incidence, respectively). The present findings indicate that the effect of various stresses on salmonellae shedding are not fully understood and that further research in this area is warranted. Throughout the study, only 1 pig (that from which S. choleraesuis was recovered from splenic tissue) exhibited mild respiratory distress and then only after 66 days postchallenge. The fact that this pig was within the group from which most of the S. choleraesuispositive specimens originated suggests but does not prove a potential role for aerosol transmission of the pathogen to this pig's penmates.
The results presented here clearly show that neonatal piglets can be experimentally infected with S. choleraesuis and are capable of shedding the pathogen up to 87 days of age. Whether or not suckling piglets are similarly infected under natural conditions cannot be discerned from the present data; however, natural transmission of S. choleraesuis has been demonstrated between weaned piglets 15-21 days of age. 1 Although most, if not all, of the infected neonates described here would have gone undetected during typical husbandry practices, just how serious a threat they may represent to * Qualitative bacteriology was accomplished via initial culture in tetrathionate or GN-Hajna broth and further cultivation in Rappaport-Vassiladias broth. Selective differentiation of these enriched samples was accomplished using brilliant green agar containing 25 g novobiocin/ml, (BGA NO ) or both 25 g novobiocin/ml and 20 g naladixic acid/ml (BGA NO/NA ).
† Quantitative bacteriology was accomplished via direct plating on either BGA NO or BGA NO/NA . Quantitative recovery of salmonellae (2.9 ϫ 10 4 CFU/g) via BGA NO was achieved for contents from piglet 3 only, and because representative salmonellae isolates picked from these plates reacted positively with Salmonella Antiserum Group C 1 , Factors 5 and 6, and were culturable on BGA NO/NA , they were characterized as Salmonella choleraesuis.
herd health under natural conditions remains to be determined.
